The K-and Co-doped BaFe 2 As 2 (Ba-122) superconducting compounds are potentially useful for applications because they have upper critical fields (H c2 ) of well over 50 T, H c2 anisotropy < 2, and thin film critical current densities J c exceeding 1 MAcm -2 1-4 at 4.2 K.
connectivity is ascribed to their much improved phase purity and to the enhanced vortex stiffness of this low-anisotropy compound ( 1-2) compared to YBa 2 Cu 3 O 7-x ( 5).
The tendency of grain boundaries of the high temperature superconducting cuprates like YBa 2 Cu 3 O 7-x to be weak linked has been the major impediment to producing wires needed for their application 7, 8 . In the search for new classes of superconductors that might displace NbTi and Nb 3 Sn, the new Fe-based superconductors also demand attention, even though they seem to share similar non-superconducting parent phases to each other and have low carrier densities 9 . Bulk ferropnictide materials made thus far exhibit low global J c (J c global ) values, some of which can be ascribed to extrinsic factors such as their less than full density, the prevalence of grain-boundary-wetting phases, and cracking [10] [11] [12] [13] [14] [15] . As a result, J c global of randomly oriented ferropnictide wires are typically well below 0.01 MAcm -2 10,16,17 , although a recent textured Kdoped SrFe 2 As 2 (Sr-122) 18 tape claims about 0.025 MAcm -2 at self-field (SF). These values are one to two orders of magnitude less than the local intragrain critical current density J c local measured in single crystals [19] [20] [21] . A potentially serious intrinsic problem is the weak link behavior of grain boundaries (GBs) in Ba(Fe 1-x K-doped Ba-122 polycrystals were fabricated by a low temperature reaction pathway that prevents the formation of secondary phases, like Fe-As, that tend to wet the grain boundaries when higher temperatures are used. An additional benefit of low temperature reactions is that the grain size of the Ba-122 phase is very fine, ~200 nm. Moreover, the bulk forms were easily powdered and made into a wire by the powder-in-tube technique, lengths of which were reacted and characterized. Details of our reaction process are in the methods section.
Careful studies of electromagnetic granularity and the broader superconducting properties were made by SQUID magnetometry for T c , vibrating sample magnetometry (VSM) to measure the global magnetic moment in high fields, magneto-optical imaging to measure local granularity on scales of a few m, as well as transport critical current measurements to determine the global transport current densities. Microstructures were examined at multiple length scales in a Zeiss 1540 EsB/XB scanning electron microscope (SEM) and a JEOL JEM2011 transmission electron microscope (TEM) to assess the size and distribution of secondary phases, the prevalence of cracking and the Ba-122 phase grain size. applications.
An SEM image of the cross section of the K-doped Ba-122 wire is displayed in the inset to figure 5. The round wires made by PIT processing are advantageous since they can be made cheaply and applied to traditional designs that depend on electromagnetically isotropic round wires. Since the superconductor is made ex situ and the final temperature heat treatment is short and does not exceed 600 °C, sheath materials other than Ag may also be used without significantly degrading the conductor due to chemical reactions that occur with the sheath material at high temperatures. This may allow for the use of stronger, less expensive sheath materials.
We have yet to explore in detail the effect of texturing, adding additional dopants, multi-core wiring, or over-doping potassium, all of which have been shown to increase J c in ferropnictide wires or tapes 11, 18, 25, 26 .
We propose that the unexpectedly high J c global arises through a combination of factors.
First, our heat treatment occurs at a sufficiently low temperature that secondary phases do not wet grain boundaries, as earlier studies showed that such phases block current 15 . Second, high pressure synthesis results in nearly 100% dense material, which further contributes to good connectivity. Third, the fine grain size makes planar GBs very rare and the low  value makes the vortex stiffness high. Thus, although essentially all vortices cross GBs, which may have a depressed superconducting order parameter, the GB vortex portion is short and can be anchored by the strong pinning of the superconducting segments lying in the grains. This situation has been studied for YBCO bicrystals with planar GBs, varying the angle between the B vector and the GB plane 9, 27 . Only when the two are close and a significant length of vortex lies in the GB is the GB J c depressed below the intragrain J c value. In our K-doped Ba-122 bulks and wires, which have very small grains and thus a high density of non-planar GBs plus a small , we may expect that very little of the vortices actually lies in any GB. A final possibility is that, the Kdoped compound may have less depressed GB order parameters, perhaps due to a higher carrier density induced by K segregation to the grain boundaries. The higher J c global of the Kdoped wire compared to the Co-doped wire plotted in figure 5 suggests that particular compound-related factors may also be playing a role, whether due to differences in GB properties 28 or to the role of hole (K), rather than electron (Co) doping in Ba-122. Bicrystal experiments on the K-doped Ba-122 will be valuable to explore the specific properties of planar grain boundaries that are possibly less weak linked than in other superconductors.
Methods
The elements were first mixed to obtain nominal composition (Ba 0.6 K 0. Measurements were made with increasing current.
